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§ 

mmw 

mm 

[mnm<7^mm] 

[if^ni] < tii 2 m.<r >4 yy<- 9 m^mxifhn. 

0 ^ y^<- < ti, 

[w ^:® 2 ] : 5 ^ ^ z t ^ 

3 ] itfie^ > / S'- ^ h ^ y'y'y.9 ioXU^'P M® 

h -7 > v;^ ^ Hi H t ^#it<i:i-^|f^]^2 HfSfc 

[fi^^ 4 ] Z t ^ Z t ^^Wit 

-r ^m^ms iztm<Dyfmm±^ y^m^o 

[If 5 jc:^ 5 ] m%mX 1 im=p(Z>mAtLX. iJ 

y^m^o 

[i#^® 6 ] -^ii-^'fiy^y. Y ^ y iy' y. 9 buIB 

^/N“x h ^ y zy y. 9 (DV- Hu!B#^^°x h ^ > vx kh 

4 ytfzl±V~y<Dt^-lbh:^-—1j{Z^ 4rfi4fn}d'y 

[lf^^7l »^JS6 HIB«<7)TO^14v •;'^IiIS&Hi3V^T. HiTlBjm^Ti- 
^x^im&ifi4)tWAZ'r:hm-<z>y^y^ -y y°t^ iuiBjm^T-ov^-f'tL^i'— o^i^tg 
YX4kBJzi-i>mx.<Dyy^ yy°t. y 4-m^(z>mm^wmir 

<Dy.7^ yy°^^-r;hzt^!WWit-r^ yfiW^i^y y 4-m^<omm4j^{ko 

[If^^s] mrlB^-(7)Xxy7'HjoV^-C. mifB7- KISHm^i^«i±J^:Jl±om 
BE^en]!3a^4i:, HuiB#i^'y Ymzm.mmf±iwm^-^^ z t 
7 HfBm<7)^ffl 11147 -7 4-m^x>mm4jiiko 

IrhaR^ 9 ] HU pB^ — 9) y ~7~ y ~7 h^iS\^'^X HU pE 7 
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■y h^^(7:>m-jji,ziimmMJ±x <h 

lifjR:^ 1 0 ] if^Ji 6 -y mmmm'ik. 

[lf:^]gl 1] tufE^lzg<7);^^ y ■7“Hi3v^T, tfrfBy - 

1 0 UfS«c(7)^Jfl§147 y^[IIl^O|[£»;:^Vio 
[W^:®i 2] Hufs^izgo^-r -y -7Hcjov^T. ttriey - K|.Sti®?l^mi±m±co 
mi ±^ 4 ; i ^ B < iis # e ' y 

1 0 |§14^ y ^IHi?§o|E*!):^tio 

[W^^isl if^Jle tc|Eic<7)^Jf|§t47 y^ll]S&^, [HS&O^FJf^ttyt^ 

0 i Lxm^^hzt^mkt-th^mwmm.o 

umm 1 4 ] if ^:® 6 

wMt LTfflv ^^ > 1 1 

itmm 1 5 ] m^m e y is<^se 

' itsi 5 <h 
[0 0 0 1 1 

i^m(om-r^imM] 

ts^ib' X i> ini^cog^^itf x v^'mm 

<7)|Et!j:^-^ i: ^ tL ^ ffl V ' fc H M i” ^5) o 

[0 0 0 2 ] 

tti. mj-m^x>°0U^x>mizi<zx^Lsi<D 
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^ FPGA (Field Programmable Gate Array) ^ ^ 

0 rr > 7 ^ ^*7 7";i^LSlT)^'y±g ^nrv^^o t^^ttcOASIC-eii 

±iS<7)J: ^ ^‘0 3 >7 ^ 7'-7 7";WLSIt:'(i, 

«b <0 7°n A jf j: ^^tzib 

> (- ^ ■?) o 

[0 0 0 3] 

±B^X>X 9 4'FPGAi±. L 

Tv^^o ^c7)SRAM(±Jfl&t4<7)7(;i6. T L 

^cofzib. FPGA(±^j^gr>i;EEPR0M4'^"cO^Jf|&t47^'; MM^mW 

tcSRAM/(»'^fB'lt-|Wi^^^&^ L. Bf t;{iSRAM^fS'IStffR^fz;it LTv^^o 

z<DXn^^fizfzt. mmwm. mmx>tzi^. b# 

[0 0 0 4] 

vi tL lb (7) iia ^ ^Wi-t hfz^^ 'ijt^(D6h v'y'yx^mJSLX) SRAM i; 21@ x>W^'M 
'^4r -y ^''°'> :?' ^"Cv^>5) (T. Miwa et al. 

, Proceedings of S 5 Tnposium on VLSI Circuits (2001)) o 08 

iC^i-o -c7)[p|S§{i, Ml(lOl) ^:M2(102), M3(103) i:M4(104) 1C J: 

7 'J y 7°7n -y ^^ICx M5(105), M6(l06) C7)y\“;^ P ^ 

7'7'7^m:oT. T Z t:^^'X^ ^tih6mx> h ^ > 

^jx9x'i^rnx>smi^mjs.L. mwMJ-x^^^T-QHio9)Rm2(no)i^z^ri^' 
ti, 5^l§s#:4r■v/^°'>^l07, los^^M^-drTv^^o 

^tiHC{±, PL|^115^C^rfSlJ^oml±/^7^7^^^^^^1IJ: 0. 2l@0?M^#4r^ 
/n“'>^ 107, 108<7)^11«7)fo]# -^lcmyi^^xAB#^i. /usX~V 

-e«yiil^D(114)<7)mi±^±#^-d:TvKo -<^B#, DD<7)SI±±#lc#v^ M^Q 
1(109) :S:tF>^TQ2(110)mBE^i#^lc±#-r^o ?ii§®#:4r -y / n”'> 107 

, 108<7)):'-^ ■r/^°'> ^S$S0 7(:A6lcffeAi 0 

(109) Rm2inO)(OmJ±±^X>^m:^m^j:^o —M.. 
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* 

< 5 ; ^ -e±# l . t -e 

j&TL, 5flT-Ql(109);?5:t/Q2(110)OSffi(i^ MM 

^ a^OSRAMt |WI— 4‘ 0 . ^ -=e •; Of^.;z^ttl L> * 

^ L 4 'V^o 

[0 0 0 5] 

1 ] 

T. Miwa et al.. Proceedings of Symposium on VLSI Circuits (2001) 

[0 0 0 6 ] 

[§§0^7)^'H?;ffeL j: ^ t-r^mm] 

L /(»- L h . ±1 O Wf io V ^ T (i . LIT ct 9 4' If .® o fz o 

[0 0 0 7] 

^iii. 

0 :7 ®viiL^'/jiL LTT^'o Mi?lf^xAT{iSRAM(7)i|^'|‘4^ ^TQl(l 

09))5:TQ2(110){i#4r t^-ib ^ 

2 ^107, 108(i. PL#tll5^^p LTJroTQl (109) ;S.TQ2(110 

) ?^ifm#T•y/^°'>^107, 108c7)ii;^ijfi^lp] 

S&(±. d L 0 . 

0 -^mvrLi^)3nco)Miac!;^.i)o SRAM{if#HB#0 

[0 0 0 8 ] 

^2H. • fjcAtti 

^)^o tiriZE^aO. 2 O(7)?^if®^dp^/N“'>^107, 108(±PL|^115^ALT^T-Q 
1(109)^^LQ2(110) MfBl (111) t e' y hm<^Kn<Dr- 

9 H' -7 M^2(112) t =tfflV'T^-=e0 • |%Am 
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# 

t <0 . ^ ^ 0 -t ;i^* # 

^ o 

[0 0 0 9] 

f§i47 -7 X ^ :i t^z^ho 

[0 0 10 ] 

mm ^ mik-r ^ fz ^6 co^g] 

-5) o 

[0 0 1 1 1 

fTK#^ ^ < t i> 

2m<^miim=}^mm hn. mrisirn^^Ti^'mrfs^ :5^ m^t^m^(^m\z 

mf. Buia^ >/■?- ^ nis&75wm#«!]M h ^ kxsx z/?mmm)jM:m h 

y > vX ^ ilJ: oTt#;^^tL^ tufS^ffi'ItJ^s^ h ^ 

7 > vX huIS^/n” 

X h 7 >vX Klx^ 7t;(iV-x<7)<!;"-^ '^n-etLli -y 

4' is. rnmmXm^<^mA-tLX. tnvuYi-^ 

rn$?.mxm^:^mwLi:WL-tzztr'mxm^^mt-r^un'^' 

[0 0 12 ] 

tfz. y^m^<Dmmiimzxo\.^x^ iuifi^g 

^XmT-r^x ^^^B^mf<z-r y y°t. 

^TXjvy T yVtWAZ-r^mr.<7)yy y x°<b. mifiOTfl§14^ -y 
^®f-t^^HOX-r y y?r^L. huISII— cox -r y 7°tcisv^T. 

mmmE.xi±(Dmf±^mu^^. mti^\z-y ms^rn 

-ox^ y Huiev- 
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^mmf±^mm.mE.:^^hmmMf±tx±^f. '7-vmzmmMJ±^^^. \^yh 

[ 0013 ] 

mm<^mm<ornm] 

[ 0014 ] 

ni(±> mtcisv^T. 

:f:M h 7 > vj:^ h 7 > ^Ml. 2ii^X(D?mmW^)jW:M hy> 

vX ^-e^^PMMOS P 7 > vX ^M2. 3(i^H<7)NM h ^ > vX ^ -e^^NMMOS h 
9 > vX :S^M3. 4{imm(r)?mmW^)]W:m h x > xX ^ -C^^PMMOS P x > vX X 
M4, 5{±^$<7)Nl!m#?:&:lrM P X > vX X-e^^NMMOS P X XxX XM5, 6(i^ 

P X X xX X -C^-?>NMM0S P X X xX XM6, 7{iH— 

T-RK 8(i^“<7)®t;L*T-R2. ioum-<Dmm 

lltiH' x P#.^K 12(ili' x P#fa2, 13ii'7 -V^^WT. 14(i« 

[0 0 15 ] 

01H^-XJ: o <^NMM0S P X XxX XMl(l) <h^~X) 

PM P X X xx XM2(2) . ^HONMMOS P x X xX XM3(3) t ^IZg<^PMM0S P x X 
xXXM4(4)-e4' Xy<-X^PML. Se'MT"ei)^^T-Ql (9) , Q2(10)H^|^L 
. ±te2'f®<7)4' X/S- x-ex 0 •> X°X □ y X°^ti^ LTV>-5)o tfz. /^°X P x X 
X X X -e^) ^ ^SCONMMOS P X X X X X 43 i C/^t^c7)NMM0S P x X x X X i; UJ: 
oT, T P'XXii^?rW=^9 - Ml(l);5.mi3(3)<DX- 

XlC^tLren. 

43J:tP'^-(7)J£tjL^T-7. 8(i. ^ <7)<h L. 

MlFxlH-e{±-1^J,i; LT. GeTeSbl^<7);^;uxX"-4-4' 
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ti fzm^ tb i-RECALLftt)f^ ^ ^T ^ ^ o ^hlz^ m?J^.mffiVdd7:>-^|& $ ti T V ^ 

-?>ji#<7)fil{^Bft:'(i. /^°x b 7 > VX ^M5(5), M6(6) - <b -r\ 
fS'lt^T-Ti)' h\z y h I^CfS'ii'lf c^^aii-READftljf^, H' -y h ^fe'i«$roT-U 

(RECALLEIjf^) 

^^Mm->Oll]g&(^RECALLfijf^tZov^T[112. S^ffl v^Tf^^.0^i->2)o -'^0<h LT 
, m—<7)mfcmi^7<7yioi^t-rho ni2(i. recall 

miwizi3if^^ 'i h'C'Xj^o m?i^#aDD(i 

4)^$)^mm:^^hmmamz. ov^^hvddt-^7^u-ymz±if^o e'-y e^^bk 

11), B2(12) 0V;^»-ibVddt T'±tf\ ^(Dm. V - mWT(13) tiVdd^en 

M5(5)ioJ:D^l6(6)<7) h 7 X vX X <L-C\ i^T-Ql^'J: 

zfQ2(DmJ±^M'MM&iX^tX-±i<fho z<DXd{zir;bztX\ MKDdsd: 0^'M3( 
3) 19 . x z/mx(D4mjimxsKm'M:^mti^ o 

v't. ^~<7:>m}L^i-7tm~(Dm}i^.i^?><Dmji^ix\Qmx>^i)^Xy^(Dx\ Mid 
) is X LKM3 (3) (7) V - X 5^T-<7)mi± ^ o M3 (3) cO V - X (1) 

OV-X^T-ct Ml(l)^ ctLKM3(3)<79^^^{i^ltlil^H^^^nT 

v^^<7)-e, Ml(l)ioJ:?^'M3(3)tc^^7S-^ TX3?*m7)^'^^i-^o V-X$^T-0«I± 

T X^^hZ X ^ E 7 X V ;y. (7)^^ L, g ^ 

M3(3)<79:^7)%I1(1) J: 0 L ^ < ^ <9 . M3(3) J: 0 Ml (l) tz 

X L C < < I9> M1(1)c 7):^7)^'M3(3) ct <9 :LXL^-r< 

^T-Q2(10)(i”L”i;. •^T-Ql(9)(i”H”ti7 
[0 0 16 ] 

—mt LT. MOS E 7 > v;^ ^c 7)*/L^'- Eft=^0.35/zm.h L 
. 'S?ilSI±Vdd^3.3V^ L/jo V.WM‘)w^i/Zis\^^x. m{\4) (DWMM)±(D Xz^f ^ 
B#^1Ta^:100ns<L L/Zo Xfz^ M (7) <505SE)lM^MOS E ^ > vX X 
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V : 



Of^OlOOkn <b Lfzo #^T-WT, Bl, B2, DDco®/±(i. m2<D9 ^ ^ h 

tc L^T^'orentJOL. micDUJlf&cT^RECALLSIj^lfcOftltJf^v < 

T^f ^'oTtZo 
[0 0 17 ] 

^T-Q1(9). Q2(10)<7)«JEOv ^ jL i^- V 3 

5STO(9)i3j:D^'Q2(10)O®l±{i, LtJ'L. ^tJ2V 

5®T-Ql(9)io ct 0^'Q2(10)<7)®JEH^75»^'^ i;;t;o 100ns 

5roT-Ql(9)omi±(i0VHT:6^'0, yro^Q2(10) <7)mEE(i, mmMI±tmC 
tc4'oT±#L. S#^^i-.'C(i®M®/±Vdd<h4'ofjo ZcoXo^z^ v^^lx- 
'>3>tZctoT. Rl(7) <hR2(8)co||H L/ct&^'oT. 5ST-QK9), Q2(10) 

. J: <9 /J^ ^ ^ W-r ^ $ n Tt: :^< t:»nmmos v^y'y'z^^ 

^-C'JS^QKO). Q2(10)<T)S|±75^-aa9i;?*^$ti;?>^ <h75^1i 

Rl{7) tms) t<7) 10^ tLfz:^^. 2j§flJ$-e ^ 

t < J. P— '> 3 >m; o-C^IJH^ Lt^Zo EI1C0[1|{^<7)REC 

V > (i## ^ >1 <h o 

[0 0 18] 

k:X±(7)Xn t;, ^^iiBE^.OHlg&(7)RECALLi[|f^(i. /n”;^ h ^ > vX ^M5. M6^ 
m—isJz{/m^(Dm^mi^Rii7), R2(s)^zmiM^m.L. xo -7t° 
y yoNM h X >VXXM1(1), M3(3)<7)L#v>-(itH||^^D^-d:^Ci:-e. 

^^Qi(9) a X zfQ2{io)(Dm&Km^^^ c. ti/zmm^mm-r 

^ tfz. 2fgflJg'e 

^RECALLK)'f^:6'iE#tl4'^60't:\ v t&XXco 



[0 0 19 ] 

^^T-Bl, B2, < LT 

\^^^fz:7}K ^O-eti^v^o BUfS2l@<7)d' 

X 0 -y x°x n -7 X 0 -7 X'X n -y y<7) 
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NS h 7 J: ^ 3: o 

T. B2{i-^<7)mi±tc@^L'Ci3§. ddcom&fzn^B^ IZ±^ < L 

T <> J: V' L, WT-hDD^t^^ < LT ^ 3: V'o 

[0 0 2 0 ] 

tfz. RECALLB^rBl-e^^Ta.!: LT. 100ns <!: -tiH 

^(7)-e(3 4' < . < LT^It^b^v^o 

(STORElifjf^) 

2p:^Mff^S<O|I]i^§(7)STOREt!I^^^Iov^Tl^^,0^i-^o STOREiljf^ti, 2ocox-r-y 
<7)X^ y T'OSTOREli^^'eti, 33 <t 0^'^“ (7) 

•R2(8) ^ <5; ^ L, -y 7°OST0REfij3^t:'(3: 

-t^Zt'C\ SRAMCO I S'lt'lf ^ miim^ #3i ts- o 
(1)S— -y 7° 

ST0REKlf^<:o^— <7)Xf- -y ytcov^'Cia4. 5^fflv>Tf^0^i-^o ^ 'PU.hLT, 
^“<7)Jg^jL*^R2(8)0Otfij;Lfi(3:, o3fitlL*TO(7)(7)101&<hi-^o 04(3:, S 

TOREfM^c^^— (7);^^ ^ ^ 

V- KiawT(i3)^^^^fBi75-^BfrHm^ -e#i±^ti/:;mi±vbt^enJ!]n 
$4i:-5>o -<7)<b§, H'-y hf^Kll), B2(12){C{3;. Vdd^epj^n^-tir'Cio < o M5(5 
) 33 X m6(6) <7) h 7 > V X 3^ ^ ^ T\ ^T-QI (9) 33 J: r/Q2(10) 

^3^^c3:0^ Ml(l) 33 J: t/M3(3) 

^0, ^—<Dmixmj-7i3xz/m~(^Wjimi^sKmwLT()^rLfi^o m—axv^'mr. 

(Dmim^^lil) , R2(8){3:. Qele^hm(DiJ)VuY±4 
3tMfti-3: o-CffM$3xTv>-^o 3=S^3bt3'34t;> ^l^Uico 

#^1. epIT'^^ (S. 

Tyson et al., Aerospace Conference Proceedings, 2000 IEEE vol.5 pp385-39 

0)o 

[0 0 2 1 ] 

—mtLx. 
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/±vbt(3.9v)^en^n'r'BP$rBiTb^ioonst L/Jo ttz. 

Rl(7), R2(8)(7)]Sg(i. ^190nmtL. Ifeltfli <h LTSi02^ffl v^/Zo B 

1. B2, DD<7)®|±(i, m4<D9 ^ hizCrz-^^-oXW-hUL. 01</>[Hg& 

</>ST0REft!)f^<7)^— (7)X-r -y y°(Dm^i:'> ^ ^ l^-'> a > UJ: o T^f 4' o /zo 
[0 0 2 2] 

m—isxrfm~<Dmjimi^Rii7), R2(8)tc?rLti-&«?;tO'> ^ a 

IH5;^''b55'75'^i ^ tc, Rl(7)H130y«A. R2(8)U 17 /u AtDM'itMtL 
tifzo J: LK^ZK/)lgtjrt^T-'C§&^1--?> V 

o 

[0 0 2 3] 

iiUz<7) J: d 13, STOREKif'p <7)^—0 XT- -y 7 - mi3t3#EE $ 

l±^eflj[)n$^> If y hiJiBl, B2nm?l^mi±^enup$-ti:^-<f -T. xo-y^xn-y 
X°<7)NMM0S b X > V X ^M3, M4 ^ L , ^-i3 J: 

V :x — ^ «1 <h tl/Zo 

(2)^^<7)x-f -y X° 

STORE*ljf^(7)^-c7)x-r -y X°l3ov>T06, 7^fflv^-Cfj^0^-r-i)o 
— OXt - y X°U J: oT, <h ^ 0 ^ jg; 

IfibAl-eiB] IH6{i, STOREJM'P^t^^-ct^Xt - y X°Bf ^ 

^ ^ 7- KIMWT(13) 

0#rs1Tci -e#i±$n/jmEEVbt^l^nJP^-<i-^o -0<h#, l^'-y M^BKII), B2(12 
)Hfi, -etL^'tLVdd, Vbb2^eniJP$-d:Tio<o M5(5)ioJ:LKM6(6)<7) h 7>vXX 

^ mmmm ^z-t;bztx-^ viT-Qi (9 ) see ^ vx ^ -e± 

^T-Q2(10)(7)Si±^^^SEVyt t:'±lt35.o Zii^zX^^ Ml (l) J: mi3(3) 
^ 0 , ^—x>m/im^7i^xv^'mx(Dm/Lm^si-^n^'fiix, iy<7) 
myJfL75^'7)iLti^o J:CE'^z:<7)^gt;t^^Rl(7). R2(8)(±, GeTeSb^Oti^ltl^l 

i o "ClF^^ $ tl'T ^ o , ^-5) — ^J^Jl<7)xf3. — 

14*E:1±13L. r-t;i^xrxt/t^j3 5t 

mt3Si02=^ffl\/X ^5 190ninCOtg^'^t+m<7)lt'^, 'X'^ - 
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^ Its. GpJ'Cib'?) (S. Tyson et al.. Aerospace Conference Proceedings, 2000 
IEEE vol.5 pp385-390)o ^ Z 

tX\ Vx. Yy^m^L. Ix^T^;l^-7 L. ly^lS 

-(Oct 5 {;i“^ - <bT\ 

T^J^yr 0 . 

^ iys^ ho 
[0 0 2 4 1 

-rnttr. y- 

i±Vbt(3.9V) ^EPtp-r-?)P#rBlTc^30ns<h L/Zo t:' M^l (11) 
dd<!:L. H'y M.^2( 12)0 SEE (± 1.5V -h L /Jo tfz. ^-Ol£tA:*T-Rl(7)ioct 
0='^— Ol£lJL*T-Rl(8)OffitjLft{i, <h ^ tclOkn <!: L/Jo #^T-WT, Bl, B2, DD 
OSj±(±, 060^ 4 < h t; L/jT&^'o-ceptPL. lIllO[lIlf&OST0REt?) 

i'^tD^ZLcT) yy y y°(Dmm^ '> < jl 1/-'>3 J: oT^f=^'o/jo 
[0 0 2 5] 

R2(8)trrcti^S?;tO'>< ^l^-va 

^mytc^-to J: O U. Rl(7)m09;«A. R2(8) 

tc si^c^AosvmTij^'vrLn/zo V 
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